Scales' method for the determination of reducing sugars was modified by increasing the boiling time, and reducing values of 32 sugars were determined at various concentrations. The method as modified provides a very simple, convenient means for the quantitative determination of the various sugars. A comparison of the reducing values of different sugars reveals that the configurations of carbons 3, 4, and 5 have marked effect on the reducing values, but that the configuration of carbon 2 has little influence. Sugars in which the hydroxyl on carbon 3 is trans to the hydroxyls on carbons 4 and 5 have the highest reducing powers, while those which have cis hydroxyls on carbons 3 and 4 have lower reducing values. When the glycosidic union of a disaccharide is on carbon 3, the molecular reducing power is less than that of the monosaccharide corresponding to the reducing part of the molecule; if the glycosidic union is on carbon 4, the molecular reducing power is about 1.4 that of the corresponding monosaccharide, and if on carbon 6, the molecular reducing power is about 1.2 that of the corresponding monosaccharide. The effect of barium bromide on the reducing powers of the sugars varies with the experimental conditions. Under the conditions used in this investigation the presence of 6.5 p ercent of barium bromide lowers the reducing value by approximately 4 percent.
CHARACTERISTICS OF THE METHOD
In the course of an investigation conducted in this laboratory [1, 2] 1 on the oxidation of the sugars, it was necessary to adopt a method for determining reducing sugars whi~h is simple and requires relatively small samples. These requirements are met by a method described by Scales, in which the cuprous o}"ide formed by the reduction of alkaline copper-citrate reagent is titrated with iodine [3, 4] . According to the original method the sugar solution (10 ml) is mixed with 20 ml of the copper reagent, brought to boiling in 4 minutes, and boiled for 3 minutes. After cooling the solution, aqueous acetic acid, an excess of I jligures in brackets indicate the literature references at the end of this paper.
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0.04 N iodine, and aqueous hydrochloric acid are added. The excess iodine is then titrated with sodium thiosulfate. According to Scales, each milliliter of 0.04 N iodine is equivalent to approximately 1.12 mg of dextrose. In our experience the value depends slightly on the concentration, so that it is necessary to use factors which vary with the amount of sugar in the sample. The factor, or sugar equivalent, is merely the number of milligrams of anhydrous sugar corresponding to 1 ml of 0.04 N iodine under the conditions of the measurement.
When the method as described by Scales was applied to certain sugars in the presence of barium bromide, small variations in the boiling time gave erratic results. This appeared to be due to incomplete reduction caused by the retarding effect of barium bromide on the reaction. The difficulty was largely overcome by increasing the time of boiling to 6 minutes. Even when barium bromide is not present, the longer boiling time (especially for certain sugars) gives more uniform results. Notwithstanding this improvement, variations in the technique used in cooling the reduced copper solution and in adding the reagents affect the titration, so that different workers obtain slightly different factors. For this reason each investigator should determine his own factors whenever possible by following the same procedure with known quantities of the sugar under investigation. Table 1 shows the variation of the dextrose factor with size of sample. Measurements were made according to the method described on pa~e 245, by three different observers, each of whom made three determmations at each concentration. Application of the "least-squares principle" to the data given in table 1 gives the following equation:
in which f is the factor for glucose and 0 is the titration in milliliters of 0.04 N iodine solution. These measurements and the measurements with other sugars, given in table 2, clearly show that the reducing power changes with concentration and that different factors must be used for different quantities of sugar. 
II. RELATIONS BETWEEN STRUCTURE, CONFIGURATION,
AND REDUCING POWER The reducing values obtained with asymmetric reagents, such as the copper d-tartrate solution, depend on the configuration of the reagent as well as on the configuration of the sugar and differ for enantiomorphic sugars [5, 6] . Since the alkaline copper-citrate reagent does not contain an asymmetric substance, it gives like reducing values for enantiomorphic isomers, and is particularly suitable for studying the relationship between configuration and reducing power. Since copper reagents buffered with sodium carbonate and bicarbonate oxidize the sugars more slowly than those containing sodium hydroxide [7] , the reducing values depend upon the copper reagent used and upon the experimental conditions. The relative reducing powers observed for a series of sugars under one set of conditions with one reagent may differ widely from those found under different conditions with another reagent.
The various sugars under strictly comparable conditions reduce different quantities of copper. It may be observed by comparing the reducing values given in table 3 that epimeric sugars give approximately like reducing values-that is, the configuration of carbon 2 does not materially influence the reducing power. The similarity of epimeric sugars probably arises from the rapidity with which they revert to the common enolic form. Since the groups about carbons 3,4, and 5 are held more firmly, sugars which differ in the configuration of these carbons are not interconvertible in the alkaline solution and exhibit characteristic properties. Sugars in which the hydroxyl on carbon 3 is trans to the hydroxyls on carbons 4 and 5 give the highest reducing powers, while sugars which have cis hydroxyls on carbons 3 and 4 give lower reducing values. The differences in the values for lactose, maltose, cellobiose, and turanose show that the configuration of the noureducing component in the disaccharide
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III. EFFECT OF BARIUM BROMIDE ON THE REDUCING POWER
In harmony with prior observers, who noted that barium and calcium salts alter the reducing power of certain sugars, we found that the addition of either barium bromide or calcium chloride results in a marked decrease in the reducing power. The effect of barium bromide on the reducing power is shown by the data given ill table 5, which was compiled from the results obtained in the course of our studies on the oxidation of the sugars with bromine water. Under the conditions of our measurements, and depending to some extent on the concentration of the sugar, the presence of 6.5 percent of barium bromide in the sugar solution lowers the reducing values by approximately 4 percent. If the time of boiling or any other experimental condition is altered, the effect may be larger or smaller. I The ratio of the reducing value of the sugar in the presence of barium bromide to the reducing value of the sugar under like conditions in the absence of barium bromide.
IV. METHOD FOR MAKING SUGAR DETERMINATIONS
R eagents needed:
1. Alkaline copper-citrate reagent. Dissolve 16 g of copper sulfate (CuS04·5H20) in 125 to 150 ml of water. Dissolve 150 g of sodium citrate (2NaaCoH507·llH20),2 130 g of anhydrous sodium carbonate, and 10 g of sodium bicarbonate in about 650 ml of water, while warming them slightly to accelerate solution. Combine the two solutions with stirring, make up to 1 liter, and filter. 4. Hydrochloric acid solution containing 60 ml of concentrated HCI per liter.
5. Acetic acid solution containing 24 ml of glacial acetic acid per liter.
Procedure:
To 10 ml of a solution containing 10 to 20 mg of a monosaccharide (or about 30 mg of a disaccharide) and contained in a 300-ml Erlenmeyer flask, add from a fast-draining pipette 20 ml of the copper reagent. a Stopper the flask with a two-hole rubber stopper and place over an electric heater so regulated that the solution comes to boil in 4 ± X minutes. Allow the solution to boil for 6 minutes and then cool it in an ice-water bath for % minute while keeping the solution in gentle circular motion. 4 Remove the flask from the icewater bath, draw up 25 ml of 0.04 N iodine solution into a pipette, and while holding the pipette, pour into the flask from a graduate 100 ml of the acetic acid solution, mix gently, and add the iodine solution from the pipette. Then pour 25 ml of the hydrochloric acid solution down the walls of the flask and into the solution. Mix with a gentle circular motion and titrate the excess iodine with 0.04 N sodium thiosulphate, using starch as the indicator.5 Subtract the back titration from the iodine originally added and multiply this value by the sugar factor to give the milligrams of sugar in the sample. For best results each worker should determine his own factors by applying the method to known quantities of sugars. If a large number of determinations is to be made, charts in which the factors are plotted against the titrations may be constructed so that the factor for any titration may be obtained readily.
